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.2013.01.0Abstract Ethanolic and water extracts of three macrophytes (roots); Echinochloa stagnina (Retz.)
P. Beauv; Pistia stratiotes (L.) and Nymphaea lotus (L.) from El-Serw, Dakahlia, Egypt were studied
to verify their antimicrobial activities against certain microbial isolates by using agar well diffusion
method. Bi-fold dilution technique revealed that all the tested microorganisms showed susceptibility
to moderate resistance against E. stagnina ethanolic extract, with minimum inhibitory concentra-
tions (MICs) values varied between 78.125 and 625.00 lg/ml, while its water extract showed anti-
microbial activities that were signiﬁcantly reduced by almost 50% compared to the ethanolic
one. On the other hand N. lotus and P. stratiotes water extracts had no activity against all tested
microorganisms. The phytochemical screening revealed the presence of some biologically active
substances (ﬂavonoides, tannins, sterols and resins) with different concentrations. E. stagnina roots
were shown to possess the highest polyphenols contents 3.20 ± 0.01 g/100 g dry wt., moreover
some heavy ions as Fe, Mn, Zn and Cu were presist with different concentrations varied signiﬁ-
cantly (P< 0.05) with plant species and solvent used in extraction.
ª 2013 National Institute of Oceanography and Fisheries. Production and hosting by Elsevier B.V. All
rights reserved.1. Introduction
A dramatic increase in microbial antibiotic resistance has
developed over the last forty years in both the agriculture
and medical sectors, this increasing forced the researchers tosser Al Ani Street, 14th ﬂoor,
(S.M. Daboor).
nal Institute of Oceanography
g by Elsevier
Oceanography and Fisheries. Prod
05develop a new antimicrobial drugs not based on the synthetic
agents for controlling pathogenic species (Pai et al., 2004;
Shah, 2005; Ibrahim et al., 2011; Obeidat et al., 2012). Thus,
demand has increased for less harmful and environmentally
friendly natural products, especially that produced by plants,
which are sources for novel bioactive substances. During the
period 2000–2006 almost half of the new extracted natural
products were used to control most of the infectious diseases
demonstrated their value as drugs (Newman and Cragg, 2007).
Various aquatic plants have the ability to produce bioactive
materials that showed antibacterial activities (Abu Ziada et al.,
2008; Fareed et al., 2008; Haroon et al., 2009; Sridevi et al.,
2010), antifungal activities (Bhosale et al., 1999; Haroon,
2006), antiviral activities (Verma et al., 2008; Shin et al.,uction and hosting by Elsevier B.V. All rights reserved.
234 S.M. Daboor, A.M. Haroon2010; Sohail et al.,2011) and also antialgal activities (Li andHu,
2005; Yi et al., 2012). For our knowledge few studies concerned
the antimicrobial activities of Echinochloa stagnina (Retz.) P.
Beauv, Nymphaea lotus (L.) and Pistia stratiotes (L.) that iso-
lated from the Nile Delta (Egypt) Region, especially their roots
extracts, except the results reported by Abu Ziada et al. (2008)
andYisa (2009) regarding the antimicrobial activities ofN. lotus
(L.) andP. stratiotes (L.) leaves andwhole plants. However, nei-
ther the antimicrobial activities nor the phytochemical screening
ofE. stagnina (Retz.) P. Beauv,N. lotus (L.) andP. stratiotes (L.)
roots were evaluated. This work made an attempt for the ﬁrst
time to test and compare the antimicrobial activities, in addition
to the phytochemical screening of E. stagnina (Retz.) P. Beauv,
N. lotus (L.) and P. stratiotes (L.) roots extracts.
2. Materials and methods
2.1. Plant materials
The tested plants, E. stagnina (Retz.) P. Beauv; P. stratiotes (L.)
andN. lotus (L.) were collected from two different water sources
at El-Serw village, south ofManzalahLake, north easternEgypt
(longitude 31: 450–32–500 E and latitude 31: 00–31: 350 N),
and identiﬁed according to Ta¨ckholm (1974) and Pandey
(1982). In addition, these plants were identiﬁed depending on
a comparative materials available in the Herbarium and revised
by Professor Dr. Kamal Shaltout (Kshaltout@yahoo.com);
voucher specimens are kept in the Herbarium of the Botany
Department, Faculty of Science, Tanta University (TANE)
Egypt, N. lotus (L.) (No. 3161, 3162), P. stratiotes (L.) (No.
3163, 3164) and E. stagnina (Retz.) P. Beauv (No. 3165, 3166).
2.1.1. Preparation of extracts
Roots of the selected plants were separated, washed with tap
water followed by distilled sterilized water to remove all debrisFigure 1 Plant’s root prepand unwanted associated parts, dried in an oven (Heraeus,
Modle VT6025) at 50 ± 2 C to constant weight, and ground
with a blender until get ﬁne powder (Bushmann and Ailstock,
2006). All steps are illustrated in Fig. 1.
The air-dried powdered samples were extracted with both,
ethanol and bidistilled water following the same method de-
scribed by (Ali-Shtayeh et al., 1998). 20 g dried powdered roots
were infused in 200 ml of bidistilled water or 95% ethanol, al-
lowed to stand for 72 h. at room temperature (35 C), ﬁltered
through Whatman No. 1 ﬁlter paper and concentration using a
rotate evaporator at 45 ± 2 C.
2.2. Phenolic contents and phytochemical screening
Folin–Ciocalteu method (Meda et al., 2005) was used to deter-
mine the total phenolic content of the plant extracts and the
data were expressed as gram gallic acid equivalents (GAE)/
100 g dry matter from plant samples. The preliminary phyto-
chemical screening for, ﬂavonoides, tannins, sterols, resins
and mucilage was assessed following the methodology of (Har-
born, 1998; Kokate, 2001).
2.3. Elementary analysis
The elementary analysis takes place in all prepared plants ex-
tracts using Pertkin Elmer 2100 Flame Atomic Absorption
Spectrophotometer with Auto- sampler (Allen et al., 1986).
2.4. Antimicrobial activity assay
2.4.1. Tested microorganisms
Inhibitory activities of the tested extracts were evaluated against
eightmicrobial isolates including,Bacillus subtilis and Staphylo-
coccus aureus (Gram positive bacteria), Escherichia coli, Kelbsi-
ella pneumoniae, Pseudomonas aeruginosa, Salmonella sp. andaration and extraction.
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albicans ATCC10231. All these microbial isolates (except
ATCC10231)were ecological relevant to the tested plants (Har-
oon andDaboor, 2009) and identiﬁed basedonBergey’sManual
of determinative Bacteriology (Holt et al., 1994).
2.4.2. Antimicrobial screening
The agar well diffusion method recommended by the National
Committee for Clinical Laboratory Standards (NCCLS), 1999
and used by several researchers such as Traub et al. (1998),
Daboor (2001), Okeke et al. (2001), Candan et al.(2003) and
Salvador et al. (2007) were used for the antimicrobial screen-
ing. Five ml of a fresh growth (12 h old culture, with
106 CFU ml1 at wavelength k620 nm) of each isolate was
mixed well with 100 ml melted warm (45 C) Mueller Hinton
Agar (Oxoid-CM 337) for bacterial isolates and Sabouraud
dextrose agar (Oxoid-CM41) media for yeast isolate. The con-
centrated plant extracts were redissolved in each solvent to a
ﬁnal concentration of 0.2 g ml1 and ﬁltrated through 0.45 l
ﬁlter. Each agar well (5.0 mm diameter) was ﬁlled with
100 ll of each extract (20 mg); each plate contained three ex-
tracts in addition to one negative control (100 ll of solvent).
The plates were hold at 4 C for two h followed by incubation
at 33 ± 2 C for 24–48 h. The clearance zones (inhibition
zones mm) including the well diameter were recorded after
subtraction of that produced by the solvent, clearance zones
having >6 mm were considered as positive results.
2.4.3. Determination of minimum inhibitory concentrations
(MICs) and minimum bactericidal concentrations (MBCs)
Minimum inhibitory concentrations (MIC) were detected by
the broth dilution methods described by NCCLS (2009).
Two fold dilution of E. stagnina ethanolic extract mad with
Mueller Hinton broth (MHB; OXOID-CM405) for bacterial
isolates and Sabouraud dextrose broth (SDB; DIFCO) for
yeast. An overnight old culture of the tested strains were sus-
pended in MBH with optical density 106 CFU/ml (veriﬁed by
plat counts). An aliquot of 100 ll was mixed with each concen-
tration; one negative blank tube was inoculated with the same
quantity of the solvent and one positive tube without the
extraction. The MIC of positive control antibiotics (Strepto-
mycin and Nystatin) was individually determined in parallel
experiments in order to control the sensitivity of the test organ-
isms (O¨zbay and Alim, 2009).
All tubes were incubated at 33 ± 2 C for 24–48 h. The
lowest concentration that did not show any visible growth
(at wavelength k 620 nm) compared to the blank was consid-
ered as the MICs. All tubes that did not show any change of
optical density compared to the control (no visible growth)Table 1 Phytochemical screening of Nymphaea lotus, Pistia stratiot
Plants (roots) Phytochemical materials
Phenols (g/100 g)* Flavonoids**
N. lotus 2.58b ± 0.0 +ve
P. stratiotes 2.42c ± 0.01 ND
E. stagnina 3.20a ± 0.01 ND
* Mean value ± SD (n= 3), expressed as gram gallic acid equivalent/100
signiﬁcantly different at (P< 0.05).
** ND; not detected, + ve; small concentration, ++ve; moderate concewere cultured on NA, YPM agar and blood agar (Sigma)
and incubated at 33 ± 2 C for 24–48 h, the MBCs and MFCs
were evaluated according to Yu et al. (2004) and Ratnam and
Raju (2008). To conﬁrm the results, two reference standard
antibiotics, Strptomycine and Nystatin were used as standard
antibiotics.
3. Statistical analysis
Data are presented as mean ± SE and analyzed by one-way
ANOVA to assess the signiﬁcance of variation in total phenols
content in relation to plant species using SAS program (1996),
and bioactivities of the extracts (n= 3) were analyzed by two-
way ANOVA with 95% conﬁdence limits (P< 0.05), using
Minitab 15 (for Dalhousie University, Halifax, NS, Canada)
for windows statistical package (Ryan et al., 1976).
4. Results and discussion
4.1. Phenolic contents and phytochemical screening
The total phenol contents in roots extracts of E. stagnina
(Retz.) P. Beauv, P. stratiotes (L) and N. lotus showed a signif-
icant difference with plant species (P< 0.05) (Table 1). E.
stagnina was recorded to have the highest total phenolic con-
tent (3.20 ± 0.01 g/100 g), followed by N. lotus and P. strati-
otes (2.58 ± 0.0 and 2.42 ± 0.01 g/100 g, respectively).
The preliminary phytochemical screening revealed the pres-
ence of ﬂavonoides, tannins, sterols and resins in N. lotus ex-
tract. However, sterols and resin were detected within P.
stratiotes extract and sterols and tannins were found within
E. stagnina extract (Table 1).
4.2. Elementary analysis
The elemental analysis of the tested plants roots extracts, re-
vealed the presence of Fe, Mn, Zn and Cu ions with a signiﬁ-
cant difference (P< 0.05) affected with both the plant species
and the extraction solvent (Table 2). Among the studied plants
P. stratiotes was shown to possess the highest amounts of Fe,
Mn and Zn within its ethanolic extract, whereas E. stagnina
possess the highest amounts of Cu (123.1 ± 0.0 and
76.1a ± 0.05 lg/g) in both ethanolic and aqueous extract
respectively.
4.3. Antimicrobial activities of the tested plants
Antimicrobial activities of the plants extracts (ethanolic and
water solutions) in vitro showed inhibitory activities againstes and Echinochloa stagnina, extracts.
Tannins** Sterols** Resin** Mucilage**
+++ve ++ve +ve ND
ND ++ve +ve ND
++ve ++ve ND ND
g dry weight., values with the same letters within the column are not
ntration, +++ve; high concentration.
Table 2 Elements concentrations in the studied plants extracts expressed on dry weight basis.
Element Extract Plant
P. stratiotes N. lotus E. stagnina
Fe (mg/g) E 54.10a ± 0.06 42.24b ± 0.02 37.52c ± 0.01
A 10.73b ± 0.0 10.11c ± 0.0 24.24a ± 0.03
Mn (mg/g) E 142.43a ± 0.07 92.37b ± 0.07 90.07c ± 0.03
A 96.24b ± 0.0 92.46c ± 0.06 137.46a ± 0.06
Zn (lg/g) E 12.23a ± 0.02 2.03c ± 0.03 3.4b ± 0.06
A 2.94c ± 0.0 5.1b ± 0.06 8.4a ± 0.06
Cu (lg/g) E 16.24b ± 0.0 14.1c ± 0.06 123.1a ± 0.06
A 10.74c ± 0.0 11.48b ± 0.0 76.1a ± 0.05
E = ethanolic extract and A = aqueous extract.
Different upper case letters in the same row indicate signiﬁcant differences (P< 0.05).
236 S.M. Daboor, A.M. Haroonsome Gram positive bacteria, Gram negative bacteria, and
yeast with signiﬁcant effects depending not only on the tested
microorganisms but also on the extraction solvent. The ex-
tracts showed antimicrobial activities with a signiﬁcantly dif-
ferences (f= 90.64, df = 2, P< 0.05), where E. stagnina
ethanolic extract found to posses antimicrobial activities
exhibited a clear zones with Staphylococcus aureus, Candida
albicans and Bacillus subtilis with values within the range of
19.333 ± 1.155 to 19.667 ± 0.577 mm, without signiﬁcant dif-
ference (Fig. 2, histogram). However, these clearance zones
were reduced signiﬁcantly with Escherichia coli, Kelbsiella
pneumoniae, Pseudomonas aeruginosa, Shigella sp. and Salmo-
nella sp. with values of 12.667 ± 0.577–16.667 ± 1.527 mm,
where Salmonella and Shigella spp. were the most resistant iso-
lates (f= 19.18, df = 7, P< 0.05) recorded the lowest inhibi-
tion zones ranged between 12.667 ± 0.577 and
13.667 ± 1.547 mm, without a signiﬁcant difference followed
by K. pneumoniae and E. coli showed a moderate resistance
with insigniﬁcantly clearance zones of the values of
15.667 ± 0.577–16.333 ± 1.527 mm. On the other hand, etha-
nolic extracts for P. stratiotes and N. lotus showed similar
inhibitory effects for both B. subtilis and E. coli without any
signiﬁcant difference with inhibition zones of values between
16.133 ± 0.115 and 16.30 ± 0.10 mm (Fig. 2, histogram).0
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Figure 2 Antimicrobial activities of ethanolic (E) and aqueous (A) ext
Mean value ± SD, n= 3(clearance zones of inhibition (in millimeter)Some research papers showed that S. aureus and Bacillus
were the most sensitive isolates to the estuarine submersed
aquatic plants extracts, and that due to the cell wall structure
of Gram positive bacteria that consists of a single layer, while
Gram negative bacteria cell wall have a double layer mem-
brane surrounding the bacterial cell, that make cell membrane
not permeabilized to the antimicrobial agent(s) and hence de-
lay the osmotic lysis of a bacterial cell and membrane perme-
abilization led to resistance the ethanolic effect (Bushmann
and Ailstock, 2006; Wang et al., 2007).
Water extract of E. stagnina showed antimicrobial activities
that were signiﬁcantly reduced by almost 50% compared to the
ethanolic one, it did not affect the tested Gram positive bacte-
ria, while the inhibition zones with the tested Gram negative
bacteria and C. albicans ranged from 6.833 ± 0.058 to
9.0 ± 0.1 mm (Fig. 2, diagram). For the water extracts of P.
stratiotes and N. lotus no inhibitory activity were found against
all the tested microorganisms (Fig. 2, diagram), and that due
to the relatively low capacity of most bioactive compounds
to dissolve in water. Similar results have been found by Akin-
sulire et al. (2007) and Kumar et al. (2008), where they discov-
ered, the antibacterial activities of organic solvents extracts of
seagrsses were more active than that of water extracts. It is
clear that ethanol appeared better as an extractant, judgingsa
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including well of 5 mm in diameter).
Table 3 Minimum inhibitory concentrations and minimum bactericidal concentrations (lg/ml).
Tested microorganisms MIC and MBC
Ethanolic extract Streptomycina Nystatinb
MIC MBC/MFC MBC MFC
B. subtilis 156.250 250.00 2.00 NT
S. aureus 156.250 220.00 6.00 NT
E. coli 312.500 380.00 10.00 NT
K. pneumoniae 312.500 360.00 12.00 NT
P. aeruginosa 312.500 390.00 4.00 NT
Salmonella sp. 625.000 710.00 20.00 NT
Shigella sp. 312.500 500.00 18.00 NT
C. albicans ATCC10231 78.125 120.00 NT 12.00
MIC: minimum inhibitory concentrations, MBC: minimum bactericidal concentrations, MFC: minimum fungicidal concentration, NT: not
tested, ATCC: American Type Culture Collection, a: antibacterial, b: antifungal.
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tested isolates, this is due to the great ability of alcohol to sol-
ublize and extract some active compounds such as: phenolic
compounds, saponins, tannins, and ﬂavonoids is greater than
water (Akinsulire et al., 2007; Yisa, 2009), some compounds
of these groups are known to be either bactreiostatic or bacte-
ricidal materials, based on their concentration (Dorman and
Deans, 2000). Many researchers (Soetan et al., 2006; Yisa,
2009) reported that ﬂavonoids and phenolic derivatives have
antimicrobial activities; these compounds are believed to func-
tion by affecting the bacterial cell membrane integrity, resulted
in inhibition the bacterial growth (Trombetta et al., 2005;
Hendrich, 2006).
Regarding the role of elements in living organisms many
metals and metalloids (e.g., Zn, Cu, Mn) are essential in the
functioning of living organisms as micronutrients serving as
structural proteins and pigment, used in the redox processes,
regulation of the osmotic pressure, maintaining the ionic bal-
ance and enzyme component of the cells (Kosolapov et al.,
2004). Though, the present work involved estimation of Fe,
Mn, Zn and Cu in the used extracts. Where, the results showed
the variation in element content with plant species and solvent
used in extraction.
Iron being essential for all the micro-organisms whose
acquisition is done by the synthesis of siderophores which
makes it possible to transfer it inside the bacterial cell (Expert,
1999). As recorded by Chung et al. (1998), the inhibition of the
growth of the intestinal bacteria (Bacteroides fragilis, Clostrid-
ium perfringens, E. coli and Enterobacter cloacae) by the tannic
acid is probably related to the high capacity of the latter to ﬁx
iron. Though, it has been established that the presence of Fe
ion in both P. stratiotes and N. lotus ethanolic extracts at high-
er concentrations compared to E. stagnina extract may be one
of the reasons that decreasing their antimicrobial activity.
Regarding the effect of Cu, Zn andMn on bacterial growth,
(Otludil et al., 2005) recorded that bacterial growth was stim-
ulated greatly in medium which contains Zn and Mn with re-
spect to control. However, bacterial growth was effectively
inhibited in other metal ions such as Ni and Cu with respect
to control. So, in the present work the presence of Zn and
Mn at lower concentrations and Cu at higher concentration
in E. stagnina ethanolic and aqueous extracts could be another
reason of its greater antimicrobial activity compared to the
other two plant species. In comparing our results with the ﬁnd-
ing of Abu Ziada et al., 2008; Yisa, 2009 for antimicrobialactivity of P. stratiotes and N. lotus, the lowest antimicrobial
activity recorded in the present investigation could be related
to the presence of active substances in higher concentrations
in these plants leaves compared by the roots.
4.4. Minimum inhibitory concentrations (MICs) and minimum
bactericidal concentrations (MBCs)
The data in (Table 3) represented the MICs values of the E.
stagnina ethanolic extract. These values were varied between
78.125–625.00 lg/ml, while Salmonella sp. showed the maxi-
mum resistance with the highest MIC value of 625.00 lg/ml,
meanwhile the lowest MIC value was recorded for C. albicans
(78.125 lg/ml) suggested that a very small amount of the crude
extract is required to suppress C. albicans. MBC/minimum
fungicidal concentration (MFC) values revealed that C. albi-
cans was completely inhibited with the minimum amount of
the extract showed a MFC value of 120 lg/ml, that mean the
ethanolic extract of E. stagnina is very potent against C. albi-
cans. The probable mechanism of plant(s) extracts that sup-
press yeast is that the bioactive compound(s) integrated with
C. albicans cell wall resulted in changing the cell membrane
permeability and a disruption of nutrients and wastes crossing
the membrane was occurred, then the bioactive material(s) dif-
fused inside the cell, meantime cell membrane and phospholip-
ids of the cell nucleus are combined together resulting in
damage of cell functions as well as structures and the cell organ
disappearance (Donlan and Costerton, 2002; Kong et al.,
2009).5. Conclusions
The present work proved that the three tested plants did
inhibitory activity against some tested microorganisms var-
ied signiﬁcantly with plant species and solvent used in
extraction. In addition, the results suggested that, the stud-
ied aquatic plants extracts possess some natural compounds
that could be used as antimicrobial agents. The nature and
number of these active component(s) are not clear, however
it still worthwhile to take into account the use of these bio-
active materials as antimicrobial agents. Hence these com-
pounds should be investigated for natural antimicrobial
agents and more studies should be carried out to purify
and identify these compound(s).
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